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Abstract 

Perovskite-type  Cao.98Dyo.o2Mn03  (CDM)  and  Ca0.96Dyo.o2REo.o2Mn03  (RE  =  Ho,  Er,  Tm)  (marked  as  CDM-Ho,  CDM-Er,  CDM-Tm) 
ceramics  were  prepared  by  solid  state  reaction.  Their  thermoelectric  properties  were  evaluated  between  300  K  and  1000  K.  All  the  samples  are 
single  phase  with  an  orthorhombic  structure.  The  introduction  of  second  doping  elements  for  RE  =  Ho,  Er,  Tm  lead  to  a  larger  carrier 
concentration.  As  a  result,  the  resistivity  decreases  from  36.1  m£2  cm  for  CDM  to  12.4  m£2  cm  for  CDM-Ho  at  973  K,  while  absolute  Seebeck 
coefficient  decreases  from  —  300  pV/K  for  CDM  to  —  196  pY/K  for  CDM-Tm.  The  highest  power  factor  is  obtained  350  pW/(K2m)  at  923  K  for 
Ca0.96Dyo.o2Ero.o2Mn03  sample.  And  also  the  introduction  of  second  element  contributes  to  lower  thermal  conductivity.  The  highest  figure  of 
merit  0.23  is  obtained  for  RE  =  Ho,  Er  samples  at  973  K,  representing  an  improvement  of  about  109%  compared  with  Ca0.98Dy0.02MnO3  sample. 
©  2014  Elsevier  Ltd  and  Techna  Group  S.r.l.  All  rights  reserved. 
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1.  Introduction 

Renewed  attention  has  been  paid  on  thermoelectric  materials 
for  their  potential  applications  in  converting  heat  to  electricity 
and  vice  versa.  The  efficiency  of  thermoelectric  materials  is 
evaluated  by  the  dimensionless  thermoelectric  figure  of  merit, 
ZT  =  S2cjT/k ,  where  S ,  c,  T,  and  k  are  the  Seebeck  coefficient, 
electrical  conductivity,  absolute  temperature,  and  thermal 
conductivity,  respectively  [1,2]. 

On  account  of  the  low  cost  of  raw  materials  and  chemical 
stability,  thermoelectric  bulk  oxides  have  been  considered  as 
promising  candidate  for  power  generation,  especially  at  high 
temperature  [3-5].  Since  the  discovery  of  NaxCo02  by 
Terasaki  et  al.  [6],  modified  cobaltates,  such  as  Ca3Co409 
[7-9],  LaCo03  [10,11],  have  been  extensively  studied  as 
p-type  legs  for  thermoelectric  devices.  However,  as  a  counter¬ 
part,  there  are  relatively  few  n-type  oxide  materials  to 
be  studied.  Recently,  CaMn03  has  attracted  attention  as 
a  prospective  candidate  of  n-type  thermoelectric  oxides 
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[12-14].  Thermoelectric  performance  of  CaMn03  doped  with 
rare-earth  metals  was  first  reported  by  Takizawa  et  al.  [15]  and 
Ohtaki  et  al.  [16].  And  following  experiments,  doping  with 
some  other  tri valent  elements,  were  carried  out  by  Funahashi 
et  al.  [17]  and  Koumoto  et  al.  [18].  They  found  that  lanthanide 
elements  doping  at  Ca  site  is  an  effective  way  to  increase 
electrical  conductivity  and  keep  a  moderate  absolute  Seebeck 
coefficient.  And  then  Wang  et  al.  [19-21]  studied  lanthanide 
elements  substitution  with  a  higher  doping  level  of  10%  and 
reported  a  large  thermoelectric  response  of  CaMn03  by  doping 
Dy  at  Ca  site.  Whereafter,  Liu  et  al.  [22,23]  found  that  a  lower 
Dy  doping  level  of  2%  would  also  lead  to  a  significant 
modification  in  CaMn03.  On  the  basis  of  their  study,  we 
reported  the  thermoelectric  performance  of  Dy/Bi  dual  doped 
CaMn03  and  obtained  a  remarkable  ZT=0.21  in  Cao.96E)yo.o2- 
Bi002MnO3  [24].  This  result  indicates  that  2%  dual  doping  at  Ca 
site  is  effective  in  further  improving  thermoelectric  performance 
of  CaMn03.  It  was  also  reported  the  thermoelectric  performance 
of  CaMn03  improved  by  substituting  Ho,  Er  etc.  [15,19,25], 
indicating  heavy  lanthanide  elements  might  be  helpful  in 
improving  thermoelectric  performance  of  CaMn03.  Herein,  in 
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this  paper  we  prepared  Cao.96Dyo.o2RE0.o2Mn03  with  RE=Ho, 
Er,  Tm  (marked  as  CDM-Ho,  CDM-Er,  CDM-Tm),  and  also 
Cao.98Dyo.o2Mn03  (CDM)  as  a  comparison.  Their  thermoelectric 
properties  were  evaluated  in  temperature  range  between  300  K 
and  1000  K. 

2.  Experimental  procedure 

Solid  state  reaction  method  was  used  to  synthesize  samples 
of  Ca0.98Dyo.o2Mn03  and  Cao.96Dyo.o2RE0.o2Mn03  ceramics, 
with  RE=Ho,  Er,  Tm.  The  starting  materials  were  CaC03 
(99.8%),  Mn02  (99.9%),  Dy203  (99.9%),  Ho203  (99.99%), 
Er203  (99.99%)  and  Tm203  (99.99%)  with  the  same  provider 
of  Sinopharm  Group  Co.,  Ltd.  These  raw  materials  were 
weighed  in  stoichiometric  proportions  and  mixed  by  ball¬ 
milling  in  ethanol  with  zirconia  balls  for  12  h.  After  the  wet 
mixtures  dried,  the  powder  was  calcinated  for  12  h  at  1423  K 
and  12  h  at  1523  K  in  ambient  atmospheric  condition  with  an 
intermediate  grinding.  The  calcined  powder  was  ball-milled  for 
12  h  to  obtain  a  fine  powder.  The  products  were  pressed  into 
pellets  at  300  MPa,  and  sintered  in  air  at  1573  K  for  12  h.  The 
sintered  pellets  were  cut  into  rectangular  columns  with 
dimensions  of  18  mm  x  2.0  mm  x  2.0  mm  for  measurement 
of  thermoelectric  properties. 

X-ray  powder  diffraction  (XRD)  analysis  was  carried  out 
using  a  Bruker  AXS  D8  ADVANCE  diffractometer  with  Cu 
Ka  radiation  and  scanning  (a  step  width  of  0.020°)  over  the 
angular  range  20-70°.  The  density  of  the  samples  was 
measured  by  the  Archimedes  method.  The  electrical  resistivity 
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Fig.  1.  Room  temperature  X-ray  diffraction  patterns  for  Ca0.98Dy0.02MnO3  and 
Ca0.96Dyo.o2REo.o2Mn03  (RE  =  Ho,  Er,  Tm). 


measurements  were  carried  out  with  a  standard  four-probe  in  a 
helium  atmosphere,  and  the  Seebeck  coefficient  was  measured 
simultaneously  in  the  temperature  range  between  300  and 
1100K  using  LINSEIS  LSR-3  equipment.  Thermal  conduc¬ 
tivity  values  (k)  were  calculated  from  the  thermal  diffusivity 
(2),  the  specific  heat  capacity  (Cp),  and  the  density  (d)  by 
applying  the  following  relationship: 

k  =  ACpd  (1) 

The  thermal  diffusivity  and  specific  heat  capacity  were 
measured  with  a  laser  flash  apparatus  (Netzsch  LFA  457) 
and  different  thermal  analyzers  (Netzsch  STA  449C),  respec¬ 
tively.  Then  power  factor,  ZT  and  compatibility  factor  were 
calculated. 

3.  Results  and  discussion 

Fig.  1  shows  X-ray  diffraction  (XRD)  patterns  at  room 
temperature  of  CDM,  CDM-Ho,  CDM-Er,  and  CDM-Tm.  All 
the  diffraction  peaks  for  the  series  of  samples  can  be  indexed 
based  on  an  orthorhombic  CaMn03  structure  [24].  No  second 
phase  occurs,  suggesting  that  the  ions  of  Dy3+  and  RE3+  have 
entered  into  the  CaMn03  lattice.  Lattice  parameters  are 
obtained  from  the  X-ray  data,  theoretical  density  are  calculated 
from  the  data  and  all  listed  in  Table  1.  As  seen  in  Table  1, 
lattice  parameters  of  dual  doped  samples  are  a  little  larger  than 
that  of  CDM.  However,  we  can  get  that  the  ionic  radius  of 
Ho3+  (1.015  A),  Er3+  (1.004  A),  and  Tm3+  (0.994  A)  are  all 
smaller  than  that  of  Ca2+  (1.12  A)  ions  [26].  So  the  variation 
in  lattice  parameters  may  be  mainly  due  to  the  increasing  value 
of  Mn3+/Mn4  +  ,  because  of  the  different  size  in  the  ionic  radii 
between  Mn3+  (0.645  A)  and  Mn4+  (0.530  A)  [26],  This 
phenomenon  has  also  been  reported  by  us  in  Dy/Yb  dual¬ 
doping  CaMn03  [5].  Experimental  densities  are  4.561  g/cm3, 
4.590  g/cm3,  4.568  g/cm3  and  4.629  g/cm3  for  samples  of 
CDM,  CDM-Ho,  CDM-Er,  and  CDM-Tm,  respectively.  For 
dual  doping  samples,  the  measured  density  increases  with  the 
increase  of  atomic  number,  mainly  due  to  the  contribution 
from  the  heavier  mass  of  Ho,  Er,  and  Tm  elements.  The 
relative  densities,  defined  as  the  experimental  density  over  the 
theoretical  density,  are  all  96.0-97.2%,  which  means  the 
samples  are  of  good  compactness. 

The  temperature  dependence  of  resistivity  for  CDM,  CDM- 
Ho,  CDM-Er,  and  CDM-Tm  is  shown  in  Fig.  2.  All  samples 
exhibit  metal-like  behavior,  i.e.,  the  resistivity  decreases  with 
increasing  temperature  ( dpIdT  >  0)  which  is  observed  in  the 
entire  temperature  range.  Similar  tendency  was  also  reported  in 
other  doped  CaMn03  samples  [20-24].  At  high  temperature 


Table  1 

Lattice  parameters,  densities  of  Ca0.9sDy0  02MnO3  and  Ca0.96Dyo.o2Re0.o2Mn03  (Re  =  Ho,  Er,  Tm). 


Samples 

a  (A) 

b  (A) 

c  (A) 

Theoretical  density  (g/cm3) 

Experimental  density  (g/cm3) 

Relative  density  (%) 

CDM 

5.272(6) 

7.466(2) 

5.270(4) 

4.701 

4.561 

97.0 

CDM-Ho 

5.285(3) 

7.481(2) 

5.280(1) 

4.752 

4.590 

96.6 

CDM-Er 

5.289(6) 

7.490(3) 

5.281(5) 

4.758 

4.568 

96.0 

CDM-Tm 

5.291(5) 

7.494(2) 

5.286(9) 

4.763 

4.629 

97.2 
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Temperature  (K) 


Fig.  2.  Temperature  dependence  of  electrical  resistivity  for  Ca0.98Dy0.02MnO3 
and  Cao.96Dyo.o2REo.o2Mn03  (RE  =  Ho,  Er,  Tm). 


Fig.  3.  Temperature  dependence  of  the  Seebeck  coefficient  for  Ca0.98 
Dyo.o2Mn03  and  Cao.96Dyo.o2RE0.o2Mn03  (RE  =  Ho,  Er,  Tm). 


973  K,  the  values  of  resistivity  are  obtained  36.1  mQ  cm, 
12.4  m Q  cm,  12.7  m Q  cm  and  13.2  m Q  cm,  for  samples  of 
CDM,  CDM-Ho,  CDM-Er,  and  CDM-Tm,  respectively.  It  can 
be  seen  that  the  resistivity  decreases  remarkably  as  the  second 
element  introduced  into  CDM.  And  no  visible  difference  is 
observed  among  the  three  dual  doped  samples.  Since  resistivity 
depends  on  the  carrier  concentration  and  the  mobility,  the 
similar  trend  of  resistivity  among  the  three  dual  doping 
samples  may  imply  a  similarity  in  the  carrier  concentration 
and  mobility. 

Temperature  dependence  of  Seebeck  coefficients  for  CDM, 
CDM-Ho,  CDM-Er,  and  CDM-Tm  ceramics  is  shown  in  Fig.  3.  In 
the  whole  temperature  range  between  300  K  and  1000  K,  the 
Seebeck  coefficients  are  all  negative,  indicating  an  n-type  electrical 
conduction  behavior.  The  sample  of  CDM  has  a  relatively  large 
absolute  Seebeck  coefficient,  being  about  —  300  pV/K  at  973  K. 
As  the  second  additional  element  introduced  into  CDM,  the  dual 
doped  samples  show  relatively  smaller  absolute  Seebeck  coeffi¬ 
cients.  This  phenomenon  is  attributed  to  the  increase  of  carrier 
concentration.  Also  it  is  seen  that  all  dual  doped  samples  show  a 
similar  trend  in  the  values  of  Seebeck  coefficients.  As  Seebeck 
coefficient  depends  on  the  nature  and  concentration  of  the  charge 


carrier,  this  implies  that  the  three  dual  doping  samples  may  share 
similar  carrier  concentration,  which  is  also  confirmed  by  the 
similarity  in  their  resistivity.  From  previous  dual  doping  reports 
[17,24],  we  can  conclude  that  the  second  element  introduces  larger 
carrier  concentration.  When  Ho3+,  Er3+  and  Tm3+  substitute 
Ca2+  in  CDM,  they  are  expected  to  behave  as  donor  ions.  This 
leads  to  the  increase  of  carrier  concentration,  and  now  we  can  say 
that  the  increases  of  carrier  concentration  are  almost  the  same  for 
CDM-Ho,  CDM-Er  and  CDM-Tm.  The  Seebeck  coefficient  of 
CDM  sample  is  nearly  linear  function  of  temperature  from  300  K 
to  900  K,  and  for  dual  doped  samples  the  linear  curves  are  only 
observed  from  300  K  to  750  K.  The  linear  relationship  of  Seebeck 
coefficients  with  temperature,  in  accord  with  the  behavior  reported 
before  [21,24],  implies  a  behavior  of  the  electron  conduction. 
Therefore,  the  metal-like  resistivity  and  linear  temperature  depen¬ 
dence  of  Seebeck  coefficient  allow  us  to  use  the  modified 
expression  for  Seebeck  coefficient  of  single-band  metal,  and  thus 
the  Seebeck  coefficient  S  can  be  expressed  as  [27] 


S  = 


7t2k2BT  ( N(E ) 

3\e\  \~ii~ 


(2) 


where  kB,  e,  N(E ),  n,  and  A,  are  Boltzmann  constant,  electron 
charge,  density  of  states,  carrier  concentration,  and  material 
constant,  respectively.  The  least  square  fit  of  the  experimental  data 
in  Fig.  3  with  Eq.  (2)  yields  the  slopes  of  the  S-T  curve,  which  are 
0.184,  0.132,  0.144,  0.125  for  CDM,  CDM-Ho,  CDM-Er,  and 
CDM-Tm,  respectively.  It  can  be  seen  that  these  values  of  slopes 
for  the  three  dual  doped  samples  are  similar  with  each  other.  As  we 
confirmed  that  the  carrier  concentration  for  three  dual  doped 
samples  were  similar  and  the  slopes  are  determined  by  the  values 
of  N(E)/n ,  we  could  get  a  conclusion  that  the  density  of  states 
around  Fermi  level  for  three  dual  doped  samples  are  almost  same. 
Also,  this  conclusion  still  needs  the  recognition  from  theoretical 
calculation. 

However,  at  high  temperatures,  values  of  Seebeck  coffi- 
cients  become  saturated  and  temperature-independent  for  all 
samples.  This  indicates  that  there  is  a  narrow  conducting  band 
around  the  Fermi  energy  EF  at  high  temperature,  according  to 
the  Heikes  and  Ure's  theory  [28].  Their  study  shows  us  that  the 
Seebeck  coefficient  of  a  narrow  band  is  predicted  to  saturate 
and  become  temperature-independent  when  temperature  is 
high  enough  that  kBT  is  larger  than  the  width  of  the  band 
[28].  The  saturating  temperature  Ts  is  proportional  to  the  width 
of  the  narrow  band  [28],  which  is  around  900  K  for  CDM  and 
for  dual  doped  samples  is  around  750  K.  Therefore,  the 
conducting  band  becomes  narrower  when  the  second  elements 
are  doped  into  CDM.  This  phenomenon  can  also  be  found  in 
previous  reports  by  Wang  et  al.  [19-21]  and  our  group  [24]. 

Power  factor  (PF)  is  calculated  from  Seebeck  coefficient  and 
electrical  resistivity  as  S2/p.  The  temperature  dependence  of 
power  factor  is  shown  in  Fig.  4.  It  can  be  seen  that  power 
factors  do  not  change  with  temperature  dramatically  in  the 
temperature  range  between  300  K  and  1000  K.  Obviously,  the 
power  factors  increase  with  the  second  element  introduced  into 
CDM.  The  highest  values  of  PF  are  257  nW/(K2  m),  335  |iW/ 
(K2  m),  350  |fW/(K2  m),  314  ^W/(K2  m)  for  CDM,  CDM-Ho, 
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Fig.  4.  Temperature  dependence  of  the  power  factor  for  Ca0.98Dyo.o2Mn03 
and  Cao.96Dyo.o2REo.o2Mn03  (RE=Ho,  Er,  Tm). 

CDM-Er,  and  CDM-Tm,  respectively.  It  can  be  seen  that 
CDM-Er  sample  exhibits  the  highest  value  of  power  factor 
at  high  temperature.  This  is  related  with  the  effectively 
decreasing  of  electrical  resistivity  while  maintaining  a  reason¬ 
able  value  of  Seebeck  coefficient  by  dual  doping  of  Dy  and  Er. 

Temperature  dependence  of  thermal  conductivity  (k) 
between  300  K  and  1000  K  is  shown  in  Fig.  5.  As  all  samples 
are  with  high  relative  density  96.0-97.2%  shown  in  Table  1, 
the  ratio  of  hole  for  all  samples  is  relatively  small,  and  the 
difference  of  ratio  of  hole  for  each  sample  is  not  distinct. 
Therefore,  the  effect  of  porosity  on  thermal  conductivity  in 
different  samples  can  be  ignored.  The  lowest  value  of  thermal 
conductivity  for  CDM  is  2.20  W/m  K  at  973  K.  And  for  CDM- 
Ho,  CDM-Er,  and  CDM-Tm,  the  lowest  values  are  obtained 
1.38  W/m  K,  1.44  W/m  K,  1.50  W/m  K,  respectively,  at 
973  K.  The  low  values  indicate  that  they  are  all  oxide 
thermoelectric  materials  with  low  thermal  conductivity.  It  is 
easily  seen  that  in  whole  temperature  range  the  thermal 
conductivity  for  dual  doping  samples  are  lower  than  that  of 
CDM.  This  result  leads  to  the  fact  that  dual  doping  is  more 
effective  in  reducing  thermal  conductivity  on  CaMn03  than 
single  doping.  The  difference  of  the  thermal  conductivity  for 
different  dual  doping  samples  is  small,  only  8-12%.  This  result 
indicates  that  the  effects  in  reducing  thermal  conductivity  for 
different  second  elements  are  almost  the  same.  It  is  well  known 
that  the  thermal  conductivity  (/c)  could  be  expressed  by  the 
sum  total  of  the  lattice  thermal  conductivity  (/q)  and  the 
electronic  thermal  conductivity  (jce).  Usually,  electronic  ther¬ 
mal  conductivity  is  determined  by  the  Wiedemann-Franz  law 
(3)  as  below 

Ke  —  LTa  (3) 

where  L  =  2.45  x  10-8WQK-2  is  the  Lorenz  number,  o  is 
the  electrical  conductivity,  and  T  is  the  absolute  temperature. 
The  lattice  thermal  conductivity  at  973  K  for  different  dual 
doped  samples  is  obtained  by  subtracting  the  electronic 
thermal  conductivity  from  the  thermal  conductivity,  shown  in 
Fig.  5  (inset).  It  is  easy  to  be  observed  that  the  lattice  thermal 
conductivity  increases  with  the  atomic  number  of  second 
doping  element,  from  Ho  (No.  67)  to  Tm  (No.  69).  It  suggests 


Temperature  (K) 

Fig.  5.  Temperature  dependence  of  thermal  conductivity  for  Ca0.98 
Dyo.o2Mn03  and  Ca0.96Dyo.o2RE0.o2Mn03  (RE  =  Ho,  Er,  Tm),  and  inset  plots 
lattice  thermal  conductivity  at  973  K  for  Ca0.96Dyo.o2RE0.o2Mn03  (RE  =  Ho, 
Er,  Tm). 


Fig.  6.  Temperature  dependence  of  dimensionless  figure-of-merit  ZT  for 
Ca0.98Dyo.o2Mn03  and  Ca0.96Dy0.o2REo.o2Mn03  (RE  =  Ho,  Er,  Tm). 

that,  for  the  second  doping  elements,  the  closer  it  gets  to  the 
atomic  number  of  Dy  (No.  66),  the  lower  sample's  lattice 
thermal  conductivity  becomes.  As  seen  in  Fig.  5,  the  value  of 
lattice  thermal  conductivity  is  close  to  that  of  thermal 
conductivity.  This  indicates  that  the  thermal  conductivity 
mainly  comes  from  the  lattice  thermal  conductivity,  which 
can  be  qualitatively  supposed  that  the  lattice  component 
dominates  thermal  conductivity.  According  to  the  study  of 
Wang  et  al.  [19],  the  low  lattice  thermal  conductivity  for  dual 
doping  samples  is  mainly  due  to  the  variation  in  lattice 
vibration  of  the  system  strongly  caused  by  RE3+  doping. 
The  effect  of  RE3  +  doping  on  the  lattice  vibration  arises  from 
two  main  factors.  One  is  that  the  weight  of  RE3+  is  much 
higher  than  that  of  Ca2  +  .  So  the  RE3+  ions  can  vibrate 
independently  from  the  other  ions,  which  would  cause  large 
local  vibrations  [19].  As  a  result,  the  average  free  path  of 
phonons  will  be  shortened,  and  thus  lattice  thermal  conductiv¬ 
ity  will  be  markedly  suppressed.  The  other  factor  is  the 
crystallographic  distortion  caused  by  the  change  in  ionic 
radius,  which  would  lead  to  further  reduction  in  lattice  thermal 
conductivity  [16]. 
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Temperature  dependence  of  dimensionless  figure-of-merit 
ZT  is  shown  in  Fig.  6.  The  values  of  ZT  for  all  of  the  samples 
increase  with  temperature  in  the  whole  temperature  range.  The 
single  doped  sample  CDM  shows  similar  ZT  values  to  the 
previous  report  by  Liu  et  al.  [22,23]  The  highest  value  for 
CDM  sample  is  about  0.11  at  973  K,  which  is  about  twice  than 
that  of  un-doped  CaMn03  according  to  Ref.  [24].  And  the  ZT 
values  of  CDM-Ho,  CDM-Er,  and  CDM-Tm,  are  all  higher 
than  that  of  CDM.  The  highest  ZT  value  reaches  0.23  at 
temperature  around  973  K  for  both  CDM-Ho  and  CDM-Er, 
which  represents  109%  improvement  compared  with  single 
dysprosium-doped  sample  CDM.  This  value  is  comparable  to 
p-type  oxide  Ca3Co409  with  ZT  ~0. 1-0.3,  which  has  been 
widely  studied  as  high-temperature  thermoelectric  material 
[29-32].  And  it  confirms  that  these  manganites  could  be  good 
candidates  as  n-type  materials  for  high  temperature  thermo¬ 
electric  application. 

4.  Conclusion 

Perovskite-type  Cao  98Dy0  02MnO3  and  Cao.96Dy0.o2^o.o2Mn03 
(RE=Ho,  Er,  Tm)  ceramics  have  been  obtained  by  solid  state 
reaction  method.  Thermoelectric  properties  are  investigated  in 
temperature  range  between  300  K  and  1000  K.  Dual  doping  is 
found  very  effective  to  reduce  the  electrical  resistivity,  and  keep  a 
moderate  absolute  Seebeck  coefficient.  The  introduction  of  second 
element  leads  to  a  remarked  lower  thermal  conductivity.  The 
highest  ZT  =  0.23  at  973  K  is  obtained  in  both  Cao.96Dy0.o2- 
Ho0.02MnO3  and  Cao.96Dy002Er002Mn03  and  it  is  about  109% 
improved  compared  with  Cao98Dy002Mn03  sample  at  the  same 
temperature.  This  suggests  that  doping  with  the  second  element  is 
veiy  effective  to  improve  the  thermoelectric  performance  of 
Cao98Dy002Mn03 .  Besides,  in  order  to  improve  further  the 
thermoelectric  properties  of  CaMn03  system,  other  kinds  of 
trivalent  element  doping  on  Cao.98Dy0.o2Mn03  need  further 
investigation. 
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